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Theory of Two-way slabs 


Definition of Terminologies: 


@ Two-way Slabs are those which deform EG 
with significant curvatures in two slab 
perpendicular directions. 


@ For simply supported slabs, Effective 
span = minimum of: 
@ clear span +d 
@ centre-to-centre distance between 


supports sieve K 


@ Effective span is represented using: _ 








¥ 
(effective longer span) 
t 
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e |, : shorter effective span 
e |, : longer effective span 


(effective 
«x shorter 
span) 


/ 
e They satisfy the condition, ~<2 : 
/ x PLAN \ deflection contours 
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Theory of Two-way slabs 


Effect of support restraints: 


e@ The corners of slabs have a tendency to lift up, unless 
otherwise it is restrained (held down by force). 


@ Such slabs, the corners of which are free to lift up, are called 
Torsionally unrestrained two-way slabs. 


Corners tend to 
liftup unless 
restrained 


Corners will develop torsion, if 
restrained (or held down), and 
will lead to crack formation as 
shown 


POTENTIAL CRACKS ™ 
DUE TO TORSION 





Theory of Two-way slabs 
Effect of support restraints: 

@ If slab corners are prevented from lifting up (eg., due to wall 
loads from above or due to monolithic edge beams), then such 
slabs are called Torsionally restrained two-way slabs. 

@ This is because they develop Twisting Moments (or Torsion), 
which are significant along diagonals. 

@ Hence the corners have to be suitably reinforced at the top & 
bottom, in order to resist the potential cracks that may 
develop at corners of the slabs due to twisting moments. Such 
reinforcements are called Torsion Reinforcements. 


Torsion Reinforcement 
ae shall be provided in 


ke both directions 
ik ee i 1 perpendicular to each 
“YY . other at the top as well 
Potential crack formation in top b as bottom of the slab 
slab corners due to torsion} ottom ottom corners. 


POTENTIAL CORNER ALTERNATIVE = 
4 Layers 
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Codal Design Parameters 
To obtain Slab thickness by limiting (I/d) ratio: 








ceases cs ta lala eoeed tes We eae eae 
Tatios are not greater than the values obtained as below: 


a) Basic values of span to effective depth ratios 













% tension steel required 
in Two-way slabs in 
shorterspan is less than 
that required for a one- 
way slab, hence we need 
to use a higher value of 
b) For spans above 10 m, the values in (a) may be] | Modification factor. 
multiplied by 10/span in metres, except for] |=> For Two-way slabs, 
cantilever in which case deflection calculations] | Modification factor = 1.50 
The provisions of 23.2 for beams apply to slabs should be made. (approx) 
also. c) Depending on the area and the stress o 
NOTES steel for tension reinforcement, the values in (a 


slahs § spanning directions or (b) shall be modified by multiplying with the} 
See ae - odification f. obtained Fig. 4 
a ea modification factor as per Fig. 4. 











































NOTES 


2 For two-way slabs of shorter (up to 3.5 m) with mild 
SET TSSOMERERC The Span SST EGR Tatios given 
below may generally be assumed to satisfy vertical 
deflection limits for loading class up to 3 kN/m?. 


Simply supported slabs 35 
Continuous slabs 40 


For high strength deformed bars of grade Fe 415, the values 
given above should be multipli 

















Codal Design Parameters 
Moment to be resisted by the slab: 
ANNEX D 


(Clauses 24.4 and 37.1.2) 


Page 90 


SLABS SPANNING IN TWO DIRECTIONS 


D-1 RESTRAINED SLABS (corners prevented 
from lifting up) 
D-1.0 When the corners of a slab are prevented from 


lifting, the slab may be designed as specified in D-1.1 


D-2 SIMPLY SUPPORTED SLABS (©O'ners free 
<< to lit ups 


D-2.1 When simply supported slabs do not have 
adequate provision to resist torsion at corners and to 


to D-1.11. 
D-1.1 The maximum bending moments per unit width 


in a slab are given by the following equations: 


prevent the corners from lifting, the maximum 


moments per unit width are given by the following 
equation: 








where 
M,, M., w, 1, |, are same as those in D-1.1, 
and o and @ are moment coefficients 
given in Table 27 


where 
a, and a, are coefficients given in Table 26, 


w = total design load per unit area, 


M_.,M, = moments on strips of unit width 
spanning J, and /, respectively, 


and Depends on Boundary 
/,and/, = lengths of the shorter span and {conditions & (iy/ix) ratio 


longer span respectively. 





Depends on 
(iy/ix) ratio only 





@ Note that Two-way slabs require to resist moment along both spans, 
unlike One-way slabs. Hence, adopt one-meter wide strip of slab along 
both the spans for design. 
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Codal Design Parameters 


Probable boundary conditions of slab: 
@ Here, observe that 


such slab corners, ; 
where both adjacent | ° 


edges are continuous, 1. Interior 2. One Short Ege 3. One Long Edge 4, Two Adjacent 5. Two Short Edges 
2 Panels discontinuous Discontinuous Edges Discontinuous Discontinuous 
cannot lift up. F 


@ Such corners, where 7 
Ai 


both adjacent edges L 


LLUMLLL LLL 
Discontinuous edge 





. . 6. Two Long Edges 7. Three E 8. Three Edges 9. Four Edge: Continuous edg: 
are discontinuous , are Discontinuous conan Discontinuous ices : 
- (One Long Edge (One Short Edge ° 
free to lift up. Continuous) Continuous) 


@ Such corners, where 
any one edge is 
discontinuous, can 
liftup partially. 


@ Note that, only those 
corners, where 
lifting-up occurs, 
experience torsion if 
resisted /held down. 








Codal Design Parameters 
Provision of Torsion Reinforcements: 
@ Only such corners of slab, where lifting-up occurs, experience 
torsion if resisted/held down. 
@ Hence, such corners require Torsion Reinforcements. 





















D-1.8 Torsion reinforcement shall be provided at any 
corner where the slab is simply supported on both 
elees meeting at that corner. It shall consist of top 
and bottom reinforcement, each with layers of bars 
placed parallel to the sides of the slab and extending 
from the edges a minimum distance of one-fifth of 
the shorter span. The area of reinforcement in each of 


these four layers shall be three-quarters of the area 
required for the maximum mid-span moment in the 


slab. 

D-1.9 Torsion reinforcement equal to half that [a Fe RRO: AO OE ROC LORE a eee mT TERT 
described in D-1.8 shall be provided at a corner ~~ reap baa cae USBI OEE IOS frvncewns; | poossevedhensvensvesnsesvonsnsnsssecoeneves 
contained by edges over only one of which the slab is 

continuous. 


see ae 


D-1.10 Torsion reinforcements need not be provided 


at any corner contained by edges over both of which 


the slab is continuous. 


reinforcement 
required here 


] SECTION AA 


bars at top and bottom 


may be U-shaped) 


Now solve numerical examples!!! 
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